Background: Diabetes is a major chronic health condition. Prevalence is rising, superseding public health estimates. Chronic diseases are more common among lower socioeconomic groups, for example, the homeless population. There is paucity of data on the health status of the homeless population in Ireland, and the prevalence of diabetes and associated cardiovascular risk factors is unknown. Aim: We aimed to assess the prevalence of diabetes, pre-diabetes and the metabolic syndrome (MetS) in an Irish regional homeless population. Design: This study is a cross-sectional study of the homeless population living in a regional university city of Ireland. Methods: After informed consent and following an overnight fast, blood was drawn for fasting plasma glucose, total cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein
Introduction
Diabetes is one of the major chronic health conditions in Ireland. The prevalence of diabetes has increased dramatically to 9.6%, superseding public health estimates. This figure is expected to rise by more than 30% by 2020.
1 Tackling obesity and preventing diabetes have been the focus of recent government strategies to improve public health.
1,2
It has long been established that many chronic health conditions, such as diabetes have a higher prevalence amongst lower socioeconomic groups. 3 There is a strong correlation between social deprivation and obesity rates, physical inactivity, unhealthy diet, smoking and poor blood pressure control-all of which are linked to diabetes risk. 2 The homeless population represents one such at-risk group. It is estimated that there are $4500 people homeless in Ireland and considering the current economic climate, the incidence of homelessness may increase significantly in the medium term. 4 Accurate, up-to-date data on the extent of homelessness and the health status of this cohort are lacking. In particular, the prevalence of diabetes and associated cardiovascular risk factors is unknown. Hence, we aimed to determine the prevalence of diabetes, pre-diabetes and the metabolic syndrome (MetS) in the homeless population of Galway County, and to quantify the cardiovascular risk factor profile of this high-risk cohort.
Methods
This pilot study included a cross-sectional study of a sample of the homeless population living in a university city. Homeless service users (>18 years) were invited to participate. The community registered general nurse for the homeless disseminated information by word of mouth, as well as by notifications placed in all homeless shelters, day centres, hostels and sheltered accommodation. Informed consent was obtained and the ethics committee of the National University of Ireland, Galway (NUIG) granted ethical approval.
Screening was carried out at various homeless centres. Following informed consent and an overnight fast, blood was drawn for fasting plasma glucose, HbA1c, total cholesterol (TC), triglycerides (Tg), high-density lipoprotein (HDL), low-density lipoprotein (LDL) and a 2-h 75 g oral glucose tolerance test (OGTT). Weight (kg) was measured using a Tanita WB-110MA scale, height was measured in m and body mass index (BMI) (kg/m 2 ) was calculated. Blood pressure (mmHg) was measured using a Microlife BP 100 Plus. Waist circumference (WC) was measured in cm according to the World Health Organization (WHO) guidelines. Participants' smoking, alcohol and drug status was self-reported by the patient. Follow-up in those with abnormal results was arranged with their respective general practitioner.
Diabetes mellitus (DM) was diagnosed according to the American Diabetes Association (ADA) guidelines 5 : fasting blood glucose 57.0 mmol/l, 2 h OGTT 511.1 mmol/l, HbA1c 548 mmol/mol (International Federation of Clinical Chemistry units) or a random blood glucose of 511.1 mmol/l with symptoms of hyperglycaemia. Impaired fasting glucose (IFG) was defined by the ADA criteria as a fasting blood glucose of 5.6-6.9 mmol/l with a 2-h OGTT value of <7.8 mmol/l. Impaired glucose tolerance (IGT) (ADA) was identified as a fasting blood glucose of <5.6 mmol/l and a 2-h OGTT value of 7.8-11.0 mmol/l. The ADA guidelines were chosen based on the local practice. MetS was diagnosed according to the National Cholesterol Education Programme Adult Treatment Panel III (NCEP ATP III) guidelines in the presence of 53 of the following components: WC of >102 cm in men or >88 cm in women, Tg 51.7 mmol/l, HDL <1.03 mmol/l in men or <1.29 mmol/l in women, blood pressure 5130/85 mmHg and fasting glucose 56.1 mol/l. 6 Statistical analyses were performed using SPSS version 20.0 (IBM, CA, USA). Categorical variables were reported as frequencies (%), and continuous variables were reported as mean (standard deviation). Intergroup comparisons of continuous variables were made using the two-sample unpaired t-test. Comparisons of categorical variables were made using a chi-squared analysis.
Comparisons were made between the study cohort and a standardized estimate of the national population for the prevalence of type 2 DM, MetS, obesity and BMI in the overweight range. Source data assumed an adult background population of 1.5 million people and our analyses were standardized to this figure. Chi-squared analysis was used to assess for statistically significant differences between samples, and proportional differences with 95% confidence intervals were calculated.
We modelled the following variables: Tg, HDL, LDL, SBP, HbA1c, plasma glucose, BMI, smoking, alcohol and drugs, to predict incidence of the MetS, pre-diabetes and type 2 diabetes in individuals. Odds ratios (OR) were calculated using backward, stepwise binary logistic regression analysis. Statistically significant differences were accepted when 95% CI for mean difference did not contain 0, when 95% CI for ratios did not contain 1.0 and for a <0.05.
Results
We screened 252 members of the homeless population, 156 men (62%) mean age (AEstandard deviation) 47.2 AE 14.6 years and 96 women (38%) mean age 39.1 AE 13.5 years. Type 2 diabetes was present in 8% (n = 20), IFG in 5% (n = 13) and IGT in 4% (n = 11), giving a total prevalence of 9% (n = 24) for pre-diabetes.
Obesity was noted in 22% (n = 56), and a further 31% (n = 77) were overweight. The mean BMI was 27 AE 5.7 kg/m 2 for both men and women.
Abdominal obesity was present in 90% (n = 226) with a mean WC of 98 AE 15 cm for men and 92 AE 17 cm for women. It was noted that 35% (n = 89) had hypertension, 44% (n = 110) had hypercholesterolaemia, 27% (n = 67) had hypertriglyceridaemia, 87% (n = 220) had raised LDL and 18% (n = 45) had reduced HDL cholesterol. The mean HbA1c was 37 AE 6.6 mmol/mol for men and 34 AE 3.4 mmol/mol for women.
Descriptive statistics for cardiovascular disease (CVD) risk in homeless men and women are shown in Table 1 . Homeless men were older, and displayed more hypertension, central obesity, adverse lipid profiles and higher 2-h glucose and HbA1c levels when compared with women.
A comparison of the prevalence of cardiovascular risk between homeless men and women is displayed in Table 2 . Amongst the homeless population screened, men had higher rates of hypertension and increased rates of abdominal obesity, when compared with women. They had a statistically significant increased prevalence of diabetes and pre-diabetes, compared with women. Rates of unhealthy BMI (obesity and overweight) were similar among men and women.
The prevalence of diabetes, pre-diabetes and MetS were 7.9% (z = 0.46, P = 0.6), 9% (z = 0.55, P = 0.6) and 21% (z = 0.09, P = 0.9), respectively. These were consistent with the background Irish population estimates of 9.6, 10.6, and 21%, respectively.
1 Obesity was more common, 22% of homeless individuals were obese vs. 18% of the background population [difference 5.3% (1, 10); z = 2.182; P = 0.03]. a The P-value refers to the analysis of difference in mean of each CVD risk factor in homeless men and women. The values for individual cardiovascular risk factors in the diabetic and non-diabetic homeless populations are given in Table 3 . Homeless participants with type 2 diabetes were older, heavier, with higher HbA1c levels and more adverse lipid profiles when compared with their nondiabetic counterparts. There was no difference in BMI, WC and systolic blood pressure (SBP) or diastolic blood pressure (DPB) between the diabetic and non-diabetic subgroups.
The prevalence of CVD risk factors in diabetic and non-diabetic homeless study participants is displayed in Table 4 . Individuals with type 2 diabetes displayed a poorer cardiovascular risk profile when compared with their non-diabetic counterparts. Within the homeless group who had a diagnosis of type 2 diabetes, 56% (n = 11) had hypertension, 50% (n = 10) had hypertriglyceridaemia, 37% (n = 7) had reduced HDL and 50% (n = 10) also satisfied the criteria for MetS. The P-value refers to the analysis of difference in mean of each CVD risk factor in homeless people with and without diabetes. The P-value refers to the difference in prevalence of CVD risk factors in homeless people with and without diabetes.
Of those diagnosed with diabetes, 70.0% (n = 14) smoked and 90% (n = 18) drank alcohol. 30.0% (n = 6), 65.0% (n = 2) and 0.0% (n = 0) partook in one, two and three risk taking behaviours, respectively.
Homeless people with MetS and pre-diabetes
MetS was diagnosed in 21% (n = 54) participants. The mean age of those with MetS was 49 AE 13.9 years, with an average BMI of 32 AE 6.7 kg/m 2 , mean WC of 108 AE 13.0 cm and an average HbA1c of 39 AE 7.3 mmol/mol. Values for individual cardiovascular risk factors in study participants with and without MetS are shown in Table 5 . Homeless participants with MetS were older, more obese, more hypertensive, had higher rates of abdominal obesity, and increased fasting and 2 h glucose levels, as well as increased HbA1c levels and more adverse lipid profiles, when compared with those without MetS.
Prevalence of CVD risk factors between those with and without MetS is displayed in Table 6 . In those with MetS, 60% (n = 32) had obesity compared with 11% in those without MetS. Of those satisfying the criteria for MetS, 100% (n = 54) had abdominal obesity, 59% (n = 32) had hypertension, 56% (n = 30) had hypercholesterolaemia, 74% (n = 40) had hypertriglyceridaemia, 48% (n = 26) had reduced HDL and 94% (n = 47) had elevated LDL. Of MetS-positive subjects, 19% (n = 10) were diagnosed with diabetes, whereas 28% (n = 13) had pre-diabetes. Study participants satisfying the NCEP ATP III criteria for MetS demonstrated a higher prevalence of high-risk behaviour; 78% (n = 42) smoked, 93% (n = 50) drank alcohol and 17% (n = 9) used illicit drugs.
Increased 
Discussion
Using the ADA criteria, we identified a prevalence rate of type 2 DM of 8%, in line with the background population estimate recently published by the Institute of Public Health of 9.6%. Diabetes prevalence is increasing at an alarming rate in Ireland-these recent Institute of Public Health estimates already supersede the original 2020 estimate of 5.9%. 1 Diabetes was more common in homeless men (85%), which differs from the majority of women in the background population.
The strong link between diabetes and socioeconomic deprivation is reported in many studies. In Ireland, diabetes is reported to be more common in deprived areas, across all age and sex categories. This is consistent with a 2006 Diabetes UK report, which reveals that the most deprived in the UK are 2.5 times more likely to have diabetes. 7 Although the prevalence of diabetes in our cohort was not significantly higher than that of the background population, this opportunistic screening highlights that diabetes is still a major chronic health problem among this marginalized group.
By virtue of their social circumstances, members of the homeless population are less likely to engage with health services when compared with the average settled person. Their relentless struggles of daily life, as well as complex bio-psychosocial factors, render health needs a distant priority for many. Lack of medical cards, transportation issues, lack of knowledge of available services, substance abuse, mental health problems, feelings of isolation and low self-esteem are some of the many barriers to accessing health care. In this way, this high-risk cohort is more likely to present with established disease with complications rather than at prevention or screening stages. Moreover, for those with established diabetes, complications such as heart disease, stroke and nephropathy are 3.5 times higher in the lower socioeconomic groups. 7 Possible causative factors for this include many coexisting risk factors such as substance abuse, smoking, poor diet and poor footwear. The CODEIRE study highlights the huge costs imposed by complications of type 2 diabetes on the health service. The annual cost of care for patients with micro-vascular and macro-vascular complications was 1.8 and 2.9 times the cost of treating those without complications, respectively. 8 It is well known that with early identification and comprehensive management, most of these complications can be prevented. Therefore, further research into the cost-benefit analysis of screening for diabetes in this high-risk group, who typically present later with increased risk of diabetic complications, needs to be evaluated.
The prevalence of pre-diabetes and MetS, was 10 and 21%, respectively, both of which are in line with background population estimates of 10.6 and 21%, respectively.
1 Cardiovascular risk factor analysis revealed strikingly high prevalence of obesity, abdominal obesity, undiagnosed hypertension and hypercholesterolaemia. Interventions to reduce these modifiable risk factors should be implemented, in conjunction with existing interventions, to reduce the risk of progression to diabetes, and reducing total cardiovascular risk. This cohort requires a culturally sensitive, multidisciplinary approach to care, which is ideally delivered in the community. 'On the Road again', a personal development programme through exercise, 'Fit for Life', smoking cessation, life skills programmes and podiatry clinics are some of the interventions already in place in the locality. 9 Weight management clinics, with dietetics input, to target abdominal obesity may also be beneficial.
This study has a number of limitations. First, a cross-sectional study is limited by the fact that a particular time point is used and, therefore, may provide differing results if another time frame had been chosen. The study is also limited by its small sample size, in which a larger proportion comprised of homeless men. Participants were self-selected and so the sample cohort may not be representative of the entire homeless population. In this regard, the authors believe that the prevalence estimates are most likely underestimates, as those patients that self-selected for the study are possibly more health conscious and willing to engage with the healthcare profession.
Conclusion
In conclusion, the prevalence of type 2 diabetes, pre-diabetes and MetS in this homeless population is in keeping with national estimates. Due to complex bio-psychosocial factors at play, this cohort is less likely to seek medical help. This will result in later presentations with more severe, potentially preventable, diabetic complications-the most costly aspect of diabetes care. Future studies should therefore focus on performing a cost-benefit analysis of diabetes screening in these high-risk individuals. Abdominal obesity is perhaps a simple screening tool, which is more common in those with MetS and dysglycaemia, and could be used for targeted screening.
